Fluorescent poly(boron enaminoketonate)s (PBEKs) were synthesized via polycycloaddition of homoditopic nitrile N-oxide to diynes and subsequent polymer reactions. Click polycycloaddition of the nitrile N-oxide to various diynes effectively produced polyisoxazoles in high yields. Transformation of the polyisoxazoles afforded the corresponding fluorescent PBEKs via intermediary formation of poly(-aminoenone) followed by the reaction with (C 6 F 5 ) 2 BF·OEt 2 . The optical properties of PBEKs were evaluated by the UV-vis and fluorescent spectra obtained under solution and solid states. KEY WORDS Click Polymerization / Poly(boron enaminoketonate) / Homoditopic Nitrile N-Oxide / Fluorescence / Polyisoxazole
Introduction
Boron diketonate is a member of the boron-chelating dyes, and as a fluorophore, it has attracted much attention. [1] [2] [3] [4] The optical properties of boron diketonate such as its large Stokes shift and two-photon absorption cross sections and the versatile applications based on the incorporation to various organic backbones provide its potential usefulness for a molecular probe, 5 laser, 6 and optical sensing applications. 7, 8 Research by Fraser et al. on the applications to polymeric materials has reported synthesis of boron diketonate-containing polylactide and the oxygen-sensing property. 9 Moreover, Chujo et al. have demonstrated synthesis and emission color-tunings of the main chain-type poly(boron diketonate)s. [10] [11] [12] However, the synthetic difficulty of the boron diketonate-containing polymers restricts applicability of the polymer. Therefore, the use of boron enaminoketonate (BEK) as a substitute of boron diketonate is intriguing, because it is expected from the structural analogy that the BEK would serve as a fluorophore with good optical properties similar to those of boron diketonate. 13, 14 Recently, Chujo et al. have revealed the optical properties of BEKs such as large Stokes shift and high-molar absorption coefficient that are quite similar to those of boron diketonates. 15 On the other hand, we have reported a unique fluorescence control system of a BEK placed at the end of rotaxane axle. 16 The rotaxane-based BEK was readily prepared via sequential transformation of an isoxazole-containing rotaxane synthesized via a stable nitrile N-oxide-based click end capping reaction. The BEK exhibited a red-shift of the fluorescence maximum along with a remarkable enhancement of the fluorescence quantum yield through wheel translation to the fluorophore. In addition, we have also developed a synthetic method of producing poly(-aminoenone) via a catalyst-free click polycycloaddition of a homoditopic nitrile N-oxide to diynes and selective reduction of N-O bonds. 17 Therefore, synthesis of poly(boron enaminoketonate) (PBEK) could be achieved by reacting the poly(-aminoenone) with organoboron complex at the similar manner to the synthetic protocol of the rotaxane-based BEK. Herein, we describe the practical synthesis and properties of PBEK as a new fluorescent polymer. We emphasize upon the straightforward introduction capability of boron enaminoketonate skeletons into a polymer main chain 4 on the basis of catalyst-free click polymerization of homoditopic stable nitrile N-oxide ( Figure 1 ).
Figure 1
Click polymerization utilizing a homoditopic nitrile N-oxide with a diyne, and the transformation of a polyisoxazole into fluorescent PBEK.
Experimental Procedure
Materials: Dichloromethane was dried over freshly activated molecular sieves 4 A (MS 4A). Nitrile N-oxide C was prepared according to the literature. 18 reprecipitation of a solution of the polymer in CH 2 Cl 2 (0.2 mL), and then the emission spectra and the quantum yields were measured by a calibrated integrating sphere and a multi-channel spectrometer (C9920-02G: Hamamatsu Photonics) with 388 nm light for excitation. The emission quantum yields were obtained by using the emission intensities at 400-800 nm regions.
Synthesis of model compounds for the evaluation of the optical properties.

Synthesis of 1-methoxy-4-trimethylsilylethynylbenzene A 19
To Typical procedure for the complexation of poly(enaminoketone) with (C 6 F 5 ) 2 BF 5:
Synthesis of poly(boron enaminoketonate) poly-3
Building upon our previous study, [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] [36] we selected bis(2-alcoxy-naphthalene nitrile N-oxide) as a skeleton, speculating that it should serve well as a framework for a sufficiently-stabilized homoditopic nitrile N-oxide. Synthesis of the homoditopic nitrile N-oxide 1 was accomplished in 58% overall yield via a three-step reaction (Scheme 1, m.p. 119.5-120.7 °C). The structure of 1 was determined by 1 H NMR, 13 C NMR, IR, and FAB HRMS measurements. 37 The polycycloaddition reactions of the homoditopic nitrile N-oxide 1 to model diyne 2 and polymeric diynes (3 and 4) were carried out in absence of a catalyst by heating in refluxing CHCl 3 for 12 h to give high molecular weight polyisoxazoles poly-1, PEG-1, and PTHF-1, respectively, in high yields (Scheme 2 and Table 1 ). One regioisomer was preferentially formed as confirmed by the 1 H NMR spectra. 16, 17, 37 Next, 16 The crystallinity can be attributed to the interaction between the aromatic groups in the polymer main chain. The thermal decomposition temperatures were sufficiently high, thereby indicating the stability of the resulting polymers. Weight-loss temperature measured by thermogravimetric analysis (TGA). c Not observed. Figure 2 shows the UV-vis and fluorescent spectra of the PBEKs in CH 2 Cl 2 solution. Table 3 summarizes the results. Absorption maximum on the three UV-vis spectra appears at almost the same wavelength region with high a molar absorption coefficient () of approximately 380-389 nm ( Table 3 ). The Stokes shifts were sufficiently high, thereby suggesting good applicability of boron enaminoketonate skeleton to molecular probes. The solutions of the polymers in CH 2 Cl 2 exhibited photoluminescence spectra 32 with emission maxima around 451-453 nm when excited at their absorption maxima.
The fluorescence quantum yields ( F ) of poly-3, PEG-3, and PTHF-3 were 0.04, 0.05, and 0.07, respectively. 40 The  F s are of approximately the same value as those of the poly(boron diketonate)s, as reported by Chujo et al. [10] [11] [12] To clarify the photophysical properties of PBEKs, the model compound 6 was prepared (Figure 3 ) and the UV-vis and fluorescence spectra were measured (see supporting information). 37 It turned out that the absorption maximum on the UV-vis spectrum of 6 appeared at 389 nm with high molar absorption coefficient ( = 1.9 × 10 4 M -1 ·cm -1 ).
In addition, the emission maxima of 6 appeared at 452 nm and the fluorescence quantum yield ( F ) of 6 was 0.06. 37 Such photo-physical properties of 6 were in good accordance with those of PBEKs, suggesting that the neighboring chromophore (boron enaminoketonate skeleton and naphthyl) units within the PBEKs did not interact in the ground and excited states. In addition, it emphasizes that the sequential transformation of the polyisoxazole enables the efficient introduction of the boron enaminoketonate skeletons into the polymer framework. was estimated in an emulsion prepared by a mixture of cyclohexane and CH 2 Cl 2 (25:2).
The electronic states of the model compound 6 were also investigated by density-functional theory (DFT) method at the B3LYP/6-31G level of the theory (Figure   3 ). HOMO and LUMO of 6 are mainly located on the -orbital of the boron enamino ketonate moiety, indicating that the -* excited state of 6 occupies the lowest excited state. 11, 15 Additionally, the naphthalene moiety of 6 hardly affected the -extension of the emissive framework due to the distorted structure.
To evaluate the emission spectra of PBEKs in a solid state, we estimated the fluorescent spectra of poly-3 and PEG-3 in emulsion states. The emulsions were prepared by precipitation of a CH 2 Cl 2 solution of the polymer into an excess amount of cyclohexane as a poor solvent. As a result, these spectra appeared as broad peaks originating from an aggregation of the polymer (Figure 4 ). Both  F s in a solid state were approximately the same as those in a solution state without collisional quenching of the excited state by - stacking. 41 applications not only to polymeric materials but also supramolecular chemistry because we have previously reported effective synthesis of rotaxane and polyrotaxane exploiting a cycloaddition of stable nitrile N-oxide. 16, 27, 30, 33, 36 The study of stimuli-responsive fluorescent switching system using BEK-containing supramolecular skeleton will be important for future.
Scheme Legends
Scheme 1 Synthesis of homoditopic nitrile N-oxide 1.
Scheme 2 Synthesis of polyisoxazoles and its transformation to PBEKs. 
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